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RULE 132 DECLARATION OF PAUL F. AGRIS 



I, Paul F. Agris, do hereby declare and say as follows: 

1. I received my B.S. in Biology and Chemistry from Bucknell University in 1966 and 
my Ph.D. in Biochemistry from Massachusetts Institute of Technology in 1971. From 1971 to 
1973 I was a Postdoctoral Fellow in the Yale University Department of Molecular Biophysics 
and Biochemistry. From 1973-1987 I was Assistant Professor, then Associate Professor, then 
Professor in the Division of Biological Sciences at University of Missouri-Columbia. Since 
1988 I have been a Professor in the Department of Biochemistry at North Carolina State 
University. I am an inventor of the above-captioned patent application. My Curriculum Vitae is 
attached hereto as EXHIBIT A. 

2. Mass spectrometry and capillary electrophoresis are used to detect aborted sequences 
of oligonucleotides and gel electrophoresis and chromatography (HPLC) to purify full-length 
oligomer. But these methods do not identify and quantify incompletely deprotected 
oligonucleotides or purify completely deprotected oligonucleotides from incompletely 
deprotected oligonucleotides. To address this problem, we developed in my laboratory, under my 
supervision, monoclonal antibodies (MAbs), ELISA, and dot-blot assays for the specific 
identification and quantification of the commonly used nucleic acid base- and sugar-protecting 
groups: benzoyl, isobutyryl, isopropylphenoxyacetyl, and dimethoxytrityl (Fu, C, Smith, S., 
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Simkins, S.G. and Agris, P.F. (2002) Identification and quantification of protecting groups 
remaining in commercial oligonucleotide products using monoclonal antibodies. Analytical 
Biochemistry 306, 135-143. (attached AS EXHIBIT B)). Using the MAb dot-blot assay, 5 of 16 
commercial full-length DNA products obtained from eight different companies were found to 
have 1.0-5.2% of the benzoyl and isopropylphenoxyacetyl protecting groups remaining 
(EXHIBIT B). 

3. Each MAb was capable of reproducibly and uniquely detecting 8-32 pmol of the 
respectively protected nucleoside in an intact DNA or RNA sample composed of 320-640 nmol 
of the deprotected nucleoside. In a direct comparison, HPLC nucleoside composition analysis of 
enzyme-hydrolyzed DNA was limited to the detection of 2-5 nmol of protected nucleoside. Each 
MAb characteristically recognizes the distinctive protecting group no matter the compound to 
which the protecting group is attached, DNA, RNA, cyclodextrin (Agris, P.F., Smith, S., Fu, C, 
and Simkins, S.G. (2002) QC in antisense oligo synthesis. Nature Biotechnology 20, 871-872. 
(Attached as EXHIBIT C)). Thus, MAbs selectively identify and quantify picomoles of 
remaining protecting groups on antisense therapeutics and oligonucleotide diagnostics. 

4. All of the statements made above of the undersigned declarants' own knowledge are 
true and all statements made on information and belief are believed to be true. The undersigned 
acknowledges that willful false statements and the like made herein are punishable by fine or 
imprisonment, or both (18 U.S.C. 1001), and may jeopardize the validity of the above-referenced 
application or any patent issuing thereof. 



Paul F. Agris Date 
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Paul F. Agris 
Professor of Biochemistry 




Department of Molecular and Structural Biochemistry 

North Carolina State University 
128 Polk Hall Campus Box 

7622 
Raleigh, 
NC 27695-7622 
919-515-6188; FAX: 919-616-2047 
PAUL AGRIS@NCSU.EDU 



Education: 



B.S. (1966), Biology and Chemistry, Bucknell University 

Ph.D. (1971), Biochemistry, Massachusetts Institute of Technology 

Research and/or Professional Experience: 

1971 consultant to New England Nuclear Corporation 

1971-73 Postdoctoral Fellow, Yale University Department of Molecular Biophysics and 
Biochemistry 

1973-87 Associated Scdzntist/ Consultant Cancer Research Center, Columbia, MO 

1973-77 Assistant professor, Division of Biological Schsnces, U. of Missouri-Columbia 

1977-83 Associate Professor, Division of Biological Sciences, U. of Missouri-Columbia 

1979- President and Board Member, American Foundation for Aging Research 

1980- 90 Board Member, American Federation for Aging Research 

1980- 81 Visiting Scientist, Biochemistry Dept., Oxford University, England 

1981- 82 Visiting Schsntist, Oklahoma Medical Research Foundation, Oklahoma City 
1981-83 Associate Professor, Depart, of Medicine, School of Medicine, U. of Missouri 
1983-87 Professor, division of Biological Sciences, U. of Missouri-Columbia 
1983-87 Professor, Department of Medicine, U. of Missouri- Columbia 

1985-87 Director, Div. of Biological Sciences Protein Sequencing Lab, U. of Missouri 

1988-93 Head, department of Biochemistry, North Carolina State University, Raleigh 

1988- Professor, Depart, of Biochemistry, North Carolina State University, Raleigh 

1994- Chairman, NCSU RNA Biology Faculty 

1996- Founder and Chair RNA Society of North Carolina 

1996-99 Consultant to Smith Kline, and Merck 

2000 Founder Neos Discovery, Inc. 

2000-2002 CSO Neos Discovery, Inc 

2002- Advisor to the Polish Academy of Sciences 

2003- Consultant to VerQ, Inc. 

2003- Research Agreement and Consult with Dharmacon RNA Technologies 



Honors and Awards: 



N.S.F. Undergraduate Research Fellow 
N.I.H. Predoctoral Training Grant Fellow 

Postdoctoral Fellow of the Damon Runyon Memorial Fund for Cancer Research 

Postdoctoral Fellow of the American Cancer Society 

National junior Chamber of Commerce Outstanding Young Man of 1978 

Fog arty Senior International Fellow, 1980-81, University of Oxford 

Senior Fellow, Exeter College, Oxford, 1980- 

National Research Service Award Special Fellow, 1981-82 

U.S. National academy of Science Exchange Scientist with polish Academy of Sciences 
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Instructional Activities: . 

Developed beginning undergraduate course for freshman and sophomore biochemistry and other 
science and non-science majors who lack college chemistry. Course based on molecular evolution 
allows students to learn chemistry, biochemistry and associated biology simultaneously. 

Continuing to develop a multidisciplinary course in biophysical chemistry for beginning graduate 
students and for undergraduate seniors. The course brings instruction and instructors together from 
the disciplines of biochemistry, chemistry, chemical engineering, biomath/statistics, microbiology, and 
physics to teach macromolecular chemistry and structure with regard to function, functional folding 
of macromolecules, biometals, macromolecular dynamics and motors, functional genomics. 
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RESEARCH ACTIVITIES: 




Contributions of nucleic acid chemistry, structure 
and dynamics to function in gene expression with 
application to biomedical sciences. Revision of the 
rules governing decoding of genomic information. 
RNA chemistry, structure-function relationships 
with particular emphasis on the modified nucleosides 
as protein recognition elements, and effectors of 
decoding, as tools and targets of intervention, and as facilitators of RNA 
folding. Modification in the design of functioning analogs to RNA as 
biological tools and targets with potential medical applications (one 
patent; two patent applications pending); modified nucleoside and metal 
ion contributions to nucleic acid structure and function; Modification 
dependent, RNA-protein functional interactions modeled with phage 
display selected peptide recognition of modified RNAs. Quality control 
in the synthesis of nucleic acid, oligonucleotide therapeutics (Patents 
pending; IP licensed). 
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Identification and Quantification of Protecting Groups 
Remaining in Commercial Oligonucleotide Products 
Using Monoclonal Antibodies 

Chi Fu,* Susanna Smith,* Stephen G. Simkins,t and Paul F. Agris** 1 

* Department of Molecular and Structural Biochemistry and t Department of Microbiology, Pathology and Parasitology, 
College of Veterinary Medicine, North Carolina State University Raleigh, North Carolina 27695 
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Quality control is paramount to reproducibly achiev- 
ing oligonucleotide therapeutics and diagnostics of su- 
perior value. However, incomplete deprotection of nu- 
cleoside reactive groups after the automated chemical 
synthesis of oligonucleotides would result in diminished 
antisense activity and in erroneous array analysis of 
gene expression. Mass spectrometry and capillary elec- 
trophoresis are used to detect aborted sequences of oli- 
gonucleotides, but not to identify and quantify incom- 
pletely deprotected oligonucleotides. To address this 
problem, monoclonal antibodies (MAbs), ELISA, and dot- 
blot assays were developed for the specific identification 
and quantification of the commonly used nucleic acid 
base- and sugar-protecting groups: benzoyl, isobutyryl, 
isopropylphenoxy acetyl, and dimethoxytrityl. Each 
MAb was capable of reproducibly detecting 8 -32 pmol of 
the respectively protected nucleoside in an intact DNA 
or RNA sample composed of 320-640 nmol of the depro- 
tected nucleoside. In a direct comparison, HPLC nucle- 
oside composition analysis of enzyme-hydrolyzed DNA 
was limited to the detection of 2-5 nmol of protected 
nucleoside. Using the MAb dot-blot assay, 5 of 16 com- 
mercial DNA products obtained from eight different 
companies were found to have 1.0-5.2% of the benzoyl 
and isopropylphenoxyacetyl protecting groups remain- 
ing. Thus, MAbs selectively identify and quantify pico- 
moles of remaining protecting groups on antisense ther- 
apeutics and oligonucleotide diagnostics, o 2002 Elsevier 

Science (USA) 

Key Words: DNA; RNA; automated synthesis; protect- 
ing group detection; quality control. 



1 To whom correspondence should be addressed at the Department 
of Molecular and Structural Biochemistry, 128 Polk Hall. Box 7622, 
North Carolina State University, Raleigh, NC 27695-7622. Fax: 
(915) 515-2047. E-mail: agris@bchserver.bch.ncsu.edu. 



The automated chemical syntheses of DNA and RNA 
are quite simple in concept. Chemical synthesis of oli- 
gonucleotides requires that all but one of the chemi- 
cally reactive functional groups of the nascent oligonu- 
cleotide chain remain protected during the ordered, 
sequential addition of nucleoside units (1-4). With 
completion of the synthesis process, the protecting 
groups such as the A^-benzoyl-protection of cytidine 
are removed, typically with chemical agents. The base- 
and sugar-protected nucleoside 3'-phosphoramidite is 
the most widely used nucleotide chemistry for the au- 
tomated chemical syntheses of DNA and RNA (Fig. 1) 
(1, 2). Many of the protecting groups applied to nucle- 
oside phosphoramidite chemistry are found in other 
nucleic acid chemistries (3, 5) and in the synthesis of 
other polymers (6). Because automated oligonucleotide 
synthesis proceeds from the 3' terminus to the 5' ter- 
minus, only the 5'-OH-protecting group of the deoxyri- 
bose or ribose, usually a 4, 4 '-dimethoxytrityl (DMT) 2 , 
is removed from the growing polynucleotide just prior 
to the next coupling reaction. In contrast, the exocyclic 
amines of the nucleobases are protected with various 
moieties, such as benzoyl (Bz), isopropylphenoxyacetyl 
(Ipr-Pac), and isobutyryl (Ibu) groups. These groups 
are resistant to DMT deprotection within the auto- 
mated cyclic chemistries. Only at completion of poly- 
mer synthesis are the amine-protecting groups re- 
moved with an alkali treatment that also cleaves the 

2 Abbreviations used: Bz, benzoyl; CE. capillary electrophoresis; 
CPC, controlled pore glass beads; DMT, dimethoxytrityl; ELISA, 
enzyme-linked immunosorbent assay; HAT, hypoxanthine, aminop- 
terin. thymidine; Ibu, isobutyryl; Ipr-Pac, isopropylphenoxyacetyl; 
MALDI-MS, matrix-assisted laser desorption/ionization time-of- 
flight mass spectrometry: MAb, monoclonal antibody; TCA. trichlo- 
roacetic acid; f-BDMSi, f-butyldimethylsilyl; INT mm 2 , integrated 
density of tested sample area minus that of an equal area of blank 
dots. 
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R2: Dimethoxytrityl (DMT): — 



R3: Cyanocthyl -CH 2 CH,CN 




Rl: Isobutyry! (Ibu): -COCH(CHj)j 
I sopropylphenoxy acetyl (Ipr-Pac): 
COCH^O^^-CHCCH,), 

Benzoyl (Bz): CO-f ^ 



R4: t-butyldimethybilyl (t-BDMSi) 



FIG. 1. Adenosine phosphoramidite and the commonly used protecting groups in DNA and RNA chemical syntheses. Rl represents the 
exocyclic amine-protecting groups: Bz. Ibu, and Ipr-Pac. R2 is the 5'-OH-protecting group: DMT. R3 represents the phosphate-protecting 
group: cyanoethyl. R4 is 2' -OH -protecting group: f-BDMSi. The N(iPr) 2 group is the (W.N-diisopropyl) moiety of the phosphoramidite. The 
chemical description for an A/2-benzoyl-protected deoxyadenosine phosphoramidite is 5 f -dimethoxytrityl-Mbenzoyl-2'-deoxyadenosine,3'((2- 
cyanoethyl)-(Af,Af-diisopropyl)]. 



product DNA or RNA from its 3' linkage to a solid 
support, such as controlled pore glass beads (CPG). In 
RNA synthesis, each ribose 2'-OH is protected to ne- 
gate formation of branched-chain polymers, and this 
protecting group (Fig. 1) is removed after completion of 
the synthesis. 

Though exceedingly efficient, neither the coupling 
reaction producing the growing polymer chain nor the 
subsequent deprotection of the full-length oligonucleo- 
tide is complete. Various factors including reaction con- 
ditions and reagent lifetime affect the coupling reac- 
tion and the chemical removal of protecting groups 
(7-9). The product consists mostly of deprotected, full- 
length DNA or RNA but also contains incompletely 
deprotected, full-length and aborted sequences. Most 
molecular biology experiments in vitro are accom- 
plished with sufficient excess of oligonucleotide that 
results are not affected by incompletely deprotected 
oligomers constituting as much as 10% of the sample 
(7-9). In contrast, incomplete deprotection below the 
detection limit of present methods could produce spu- 
rious and inexplainable results in vitro and in w'voand 
lead to erroneous conclusions about the efficacy of nu- 
cleic acid antisense therapeutics (10-12). Incompletely 
deprotected diagnostic DNA arrays (chips) also could 
lead to mistaken conclusions about genetic variability 
and/or gene expression. Therefore, the U.S. Food and 
Drug Administration has expressed regulatory con- 
cerns and the Center for Drug Evaluation and Re- 
search established a Complex Drug Substances Coor- 
dinating Committee to investigate and suggest good 
laboratory practices and reporting requirements for 
oligonucleotide therapeutics. 

Unfortunately, no simple, reproducible, sensitive, in- 
expensive, and thus, broadly available analytic method 
existed to identify each and every protecting group that 
may remain either in a sample in solution or on a 
diagnostic chip. HPLC nucleoside composition analysis 
is able to identify and quantify remaining protecting 
groups, but is insensitive because it depends on UV 
diode array detection for identification and quantifica- 
tion (13). Capillary electrophoresis (CE) (14), mass 



spectrometry (MS) (15, 16) and MALDI-MS (16) can 
detect the aborted sequences, but are not easily 
adapted to identifying and quantifying remaining pro- 
tecting groups. HPLC-MS of the oligonucleotide's con- 
stituent nucleosides (17) is sensitive, but is not widely 
available. 

We have generated several monoclonal antibodies 
(MAb) that are specific to the commonly used protect- 
ing groups of the exocyclic amines of nucleosides, Bz, 
Ipr-Pac, and Ibu, and monoclonal antibodies that rec- 
ognize the 5' -OH protecting group, DMT, of full-length 
oligomers. Using these MAbs, a dot-blot assay and a 
microplate ELISA have been developed for identifica- 
tion and quantification of protecting groups that re- 
main in standard, intact DNA and RNA oligonucleo- 
tide samples and commercial oligonucleotide products. 

MATERIALS AND METHODS 

Preparation of Oligonucleotides 

Oligonucleotides used for generation and character- 
ization of the monoclonal antibodies in this study were 
synthesized at the Nucleic Acid Facility of North Caro- 
lina State University employing phosphoramidite 
chemistry and CPG supports from Glen Research 
(Sterling, VA). An ABI DNA/RNA synthesizer (Model 
394; Applied Biosystems, Foster City, CA) was used for 
the syntheses according to the manufacturer's protocol. 
After synthesis, the DMT group at the 5'-OH of the 
final nucleotide was removed from the oligomer while 
on the synthesizer, using TCA, except for those oli- 
gomers used in characterizing the anti-DMT antibody. 
CPG supports bearing the synthesized oligomer chains 
were treated at room temperature overnight to cleave 
the oligomers from the beads, yet retain the base- 
protecting groups. To remove the base-protecting 
groups, as well as the /3-cyanoethyl group, oligonucle- 
otides were treated with 30% NH 4 OH (Fisher Scien- 
tific, Pittsburgh, PA) at 65°C for 6 h. RNA was treated 
with tetrabutylammonium fluoride (Sigma, St. Louis, 
MO) to remove the f-BDMSi groups from the 2'-OHs. 
Thereafter, the released oligomers were desalted, 
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dried, redissolved in water, aliquoted, and stored in 
-20°C. In this paper, the standards containing protect- 
ing groups were homopolymeric 20-mers designated 
oligo Bz-dC, Bz-dA, Ipr-Pac-dG, and Ibu-dG to denote 
protected nucleoside. Stringent NH 3 treatment re- 
moves the protecting groups leading to deprotected, 
negative control oligomers designated oligo dC Bz , dA Bz , 

d QTpr-Pac JQlbu protect j n g gr0U p of the 

phosphoramidite precursors in superscript. A 20-mer 
synthesized with protected dT phosphoramide acted as 
a control in that no base-protecting group is used in its 
synthesis. The DMT was removed with TCA and the 
/3-cyanoethyl group removed with NH 3t and the oli- 
gomer was designated oligo dT. Oligo dT retaining the 
DMT group was designated oligo DMT-dT or oligo Tre- 
bler-dT, where Trebler (18) is a moiety of three DMTs 
with a linker. RNA samples containing the Bz, Ipr-Pac, 
and Ibu groups were synthesized (2) and treated ap- 
propriately to obtain both the protected and the depro- 
tected oligomers as the standard and negative control 
samples, respectively. 

To evaluate the ability of the MAbs and assays to 
identify and quantify protecting groups remaining on 
commercial oligonucleotide products, two oligomers 
were purchased from each eight different companies: 
Alpha DNA, Montreal, Quebec, Canada; Integrated 
DNA Technologies, Coralville, Iowa; Life Technologies, 
Rockville, Maryland; Operon Technologies, Alameda, 
California; Research Genetics, Huntsville, Alabama; 
Sigma Genosys, The Woodland, Texas; The Great 
American Gene Company, Romona, California; and 
The Midland Certified Reagent Company, Midland, 
Texas. One of the DNA sequences was composed of 10 
repeats of dA-dC, while the other contained 10 repeats 
of dG-dT. The DNAs were synthesized on the smallest 
column size advertised by the company at that time 
(40-, 50-, or 200-nmol scales), desalted, and shipped by 
express mail. 

Nucleoside Composition Analysis 

Mononucleosides and protected mononucleosides 
were purchased as standards for HPLC nucleoside 
composition analysis of the oligomers and included 2'- 
dA, 2'-dT, 2'-dC, and 2'-dG (Sigma Chemical Co.), and 
Bz-2'-dA (Aldrich Chemical Co., Milwaukee, WI). N 2 - 
Ibu-dG and N 2 -Ipr-Pac-dG were gifts from Monomer 
Sciences (New Market, MA). Six different concentra- 
tions of each protected nucleoside in triplicate were 
used to obtain the individual extinction coefficients 
under the conditions of the HPLC nucleoside composi- 
tion analysis. Then, the lowest detection limit by the 
UV-monitored HPLC method was determined. HPLC 
nucleoside composition analysis with UV diode array 
detection "on the fly" identified and quantified protect- 
ing groups on the positive references and confirmed the 



lack of protecting groups on negative controls as below 
the detection limit of the HPLC method (13). Peak 
retention times and UV spectra were used for identifi- 
cation of nucleosides, whereas peak areas and nucleo- 
side extinction coefficients established the amount of 
protected nucleoside present (13). For the standard 
oligo Bz-dC, Bz-dA, Ipr-Pac-dG, and Ibu-dG samples, 
the percentage of protected nucleoside, the nanomoles 
of protecting group per >4 2 eo unit of polymer, and the 
lowest level of detection of each by HPLC are listed in 
Table 2. 

The extinction coefficients of DMT and Trebler were 
determined with six different concentrations of the 
monomer DMT-dT and of Trebler-dT in triplicate 
treated with acid and the absorbance was read at 495 
nm. The 5' -OH protecting group, DMT, was detected 
by treatment of samples in solution and on a nitrocel- 
lulose membrane support with TCA. The amount of 
DMT or Trebler could be quantified precisely in solu- 
tion by establishing a standard curve of absorbance 
(495 nm) with different concentrations of DNA/RNA 
synthesis grade DMT-chloride (ChemGenes Co., Ash- 
land, MA). Specific amounts of DMT, or Trebler, were 
applied to a series of dots on a nitrocellulose membrane 
and treated with TCA, and the dot densities were 
quantified with a Personal Densitometer SI (Molecular 
Dynamics- Amersham Biosciences, Piscataway, NJ). 
The amount of DMT group per A ZB0 unit of oligo 
DMT-dT and Trebler-dT and the lowest detection limit 
of DMT by visual spectroscopy are listed in Table 2. 

Generation of Monoclonal Antibodies 

Standard hybridoma production and culture tech- 
niques were employed at the Hybridoma Facility of 
North Carolina State University. Murine-derived 
MAbs against Bz (Bz-MAb), Ibu (Ibu-MAb), Ipr-Pac 
(Ipr-Pac-MAb), and DMT (DMT-MAb) were obtained 
through polyethylene glycol-mediated fusion of spleen 
cells from hyperimmunized female, 12-week-old 
BALB/c mice (Charles River, Wilmington, MA) with 
myeloma P3-X63-Ag8.653 cells (American Type Cul- 
ture Collection, Manassas, VA). Each mouse received 
10 intraperitoneal (ip) immunizations of 50 /xg antigen 
performed at 2-week intervals. The mice were rested 
for 2 months and a final 50-jxg boost was injected ip 5 
days prior to fusion. Polyclonal antibody-containing 
plasma was collected on days 0, 34, and 81 via retro- 
orbital bleeds for Bz-, Ibu-, and Ipr-Pac-specific anti- 
body titer analysis. The mice were anesthetized prior 
to bleeding with intramuscular injection of 2 mg of 
Ketaset (Fort Dodge Animal Health, Fort Dodge, IA) 
and 0.5 mg of Rompun (Miles, Shawnee Mission, KS). 
The production of polyclonal antibody and the genera- 
tion of hybridomas secreting MAb against Bz, Ibu, and 
Ipr-Pac protecting groups were repeated with a second 
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set of mice. Other mice were hyperimmunized with a 
DMT derivative. Seven immunizations were given over 
a 3-month period. A final 100-jj.g boost was injected 5 
days prior to fusion. Polyclonal antibody containing 
plasma was collected on days 0, 38, and 81 for DMT- 
specific antibody titer analysis. Each hybridoma se- 
creting MAb specific to Bz, Ipr-Pac, Ibu, or DMT was 
selected from approximately 1000 cultures and cloned 
three times. Standard HAT (Sigma Chemical Co.) se- 
lection was used to generate hybridoma growth. ELISA 
and dot-blot screening assays, as described below, were 
used to detect antigen-specific antibody during fusion 
and cloning procedures. Each hybridoma used in this 
study was limit dilution cloned three times at one 
cell/well. During cloning procedures, wells with anti- 
gen-specific antibody and a single isolated colony were 
selected for further development. Static exhausted su- 
pernatant was generated from each hybridoma and 
used for the various procedures described herein. 

After subcloning, the lines were stable and have 
remained so for 15 months. During that period, these 
established hybridomas were used for production of 
MAb-containing culture supernatants three to five 
times, including lots as large as 500 ml of reagent. Cell 
culture supernatants were collected and stored at 
-20°C. Antibody isotypes were determined using a 
mouse-hybridoma subtyping kit (Boehringer Mann- 
heim Corp., Indianapolis, IN), according to the manu- 
facturer's protocol. The antibodies specific to amine- 
protecting groups were IgM with k light chains, 
whereas the antibody specific to DMT presented a dou- 
ble isotype of IgM and IgGl with k light chains. Cell 
culture supernatants were used directly for assays. 

Dot-Blot Assay 

Oligonucleotide samples were blotted to nitrocellu- 
lose membranes (0.2 pirn; Bio-Rad, Hercules, CA) 
through a manifold (Minifold; Schleicher & Scheull, 
Inc., Keene, NH) connected to an aspirator. The mem- 
branes were subjected twice to UV cross-linking at 254 
nm, 1200 /xj/cm 2 (UV Crosslinker, FB-UVXL-1000; 
Fisher Scientific, Pittsburgh, PA). Thereafter, the 
blocking of nonspecific binding, washing, incubation 
with hybridoma cell culture supernatants, and alka- 
line-phosphatase-conjugated goat anti-mouse IgM or 
IgG reagent, as well as the subsequent enzyme-sub- 
strate reaction, were conducted according to the re- 
agent manufacturer's protocol (Sigma Chemical Co.). 
TBS buffer (Tris 25 mM, pH 7.2, 150 mM NaCl) was 
used for blotting samples on membranes, TBS plus 
0.1% Tween 20 (TBST) for washing, and 1% casein 
(Sigma Chemical Co.) in TBST for blocking and dilu- 
tion of the enzyme-conjugated secondary antibodies. 
Blot-dot densities were determined with an imaging 
device (Quantity One, Bio-Rad). In the range of 0.2 to 



0.8 (INT mm 2 , the integrated density of the tested 
sample area minus that of an equal area from blank 
dots), there was a linear relationship between dot den- 
sity and nmol of protecting group in the standard oli- 
gomers from which standard curves of response were 
generated. To demonstrate that the oligomers were 
bound to the nitrocellulose membrane, oligonucleotides 
were synthesized with 3' -terminal biotin (Glen Re- 
search, Sterling, MA). After the biotinylated oligomers 
were cross-linked to nitrocellulose, their presence was 
detected with an avidin-phosphatase conjugate (Sigma 
Chemical Co.). The extent of any nonspecific binding to 
the membrane was determined with a series of controls 
that resulted in dots no different in color than blank 
dots. Controls included oligomers plus phosphatase- 
conjugated anti-mouse antibody and substrates, oli- 
gomers plus substrates, MAbs plus phosphatase-con- 
jugated anti-mouse antibody and substrates, MAbs 
plus substrate, conjugated anti-mouse antibody plus 
substrates, and oligomers plus myeloma cell culture, 
phosphatase-conjugated anti-mouse antibody, and 
substrates. 

ELISA 

Oligomers with 3'-terminal biotin were bound to 
strepavidin-coated microtiter plates (Boehringer Mann- 
heim Corp.) by incubation at room temperature for 2 h. 
Plates were blocked, washed, and incubated with hybrid- 
oma cell culture supernatants and peroxidase-conjugated 
anti-mouse whole immunoglubin (Sigma Chemical Co.), 
and enzyme-substrate reaction was conducted according 
to the manufacturer's protocol (Sigma). The results were 
assessed with a computer-controlled reader (Bio-Tek In- 
struments, Winooski, VT). 

Mass Spectrometry 

Electrospray and MALDI-MS of protected and depro- 
tected DNA samples were conducted according to pub- 
lished protocols (19, 20). 

RESULTS 

Specificity of Monoclonal Antibodies 

In order to use antibodies for the purpose of detect- 
ing and identifying protecting groups remaining on 
oligonucleotides, the antibodies must be group specific. 
Standard and negative control oligonucleotides, re- 
spectively, with and without protecting groups (Fig. 1), 
were synthesized and used to assess the specificity of 
each monoclonal antibody. In a MAb dot-blot assay, the 
Bz-MAb reacted with the oligo Bz-dC and Bz-dA stan- 
dards. The Bz-MAb did not react with the deprotected, 
negative controls, oligo dC Bz and oligo dA B *. Moreover, 
the antibody did not react with any of the other stan- 
dard or negative control oligomers, such as oligo Ipr- 
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FIG. 2. Specificity of the Bz-MAb in a dot-blot assay and ELISA. 
Specificity of the Bz-MAb was determined by assessing its ability to 
distinguish the various protecting groups on homopolymeric DNA 
standards oligos Bz-dC, Bz-dA, Ibu-dG, and Ipr-Pac-dG and negative 
controls oligos dC B *, dA Bz , dG Ibu , dG lpr " Pac , and dT. (A) Dot-blot assay 
exhibiting the specificity of the Bz-MAb. Oligonucleotides were ap- 
plied to the nitrocellulose membrane in the range of 8-125 pmol per 
dot. (B) ELISA demonstrating specificity of the Bz-MAb. Biotinylated 
(3') oligonucleotide standards were coupled to an avidin microplate 
and reacted with the Bz-MAb according to the procedure described 
under Materials and Methods. Antibody activity is normalized to 
reactivity, with Bz-dC being 1 .0. (C and D) Dot-blot assays demon- 
strating that alkali- treated, standard oligos Bz-dC and Bz-dA are no 
longer recognized by the antibody and that the Bz-MAb recognizes 
oligo Bz-dC and oligo Bz-dA equally well. In (D), the amounts of 
Bz-protecting group per oligo Bz-dC and Bz-dA were determined 
with an HPLC nucleoside composition analysis, normalized with 
negative control oligonucleotide, and applied to the membrane in the 
range of 60-250 pmol DNA per dot. Equivalent numbers of Bz 
groups, as determined by HPLC, resulted in equivalent dot densities. 
(E) A dot-blot assay demonstrating that the Bz-MAb recognizes Bz 
on RNA. 



Pac-dG, Ibu-dG, DMT-dT, or oligo dG lpr Pac , dG Ibu and dT 
(Fig. 2A). In an ELISA, the identical specificity was 
observed (Fig. 2B). After the oligo Bz-dC and oligo 
Bz-dA standards were treated with alkali to remove 
the Bz group, the antibody no longer recognized the 
oligomers (Fig. 2C). HPLC nucleoside composition 
analysis of the alkali-treated DNA samples also was 
incapable of detecting any remaining Bz-dC or Bz-dA 
mononucleosides (data not shown). The Bz-MAb de- 
tected the Bz-protecting group equally well whether on 
oligo Bz-dC or on oligo Bz-dA (Fig. 2D). Thus, the 
nature of the nucleobase had no significant effect on 
interaction of the antibody and its target, the Bz group. 
Furthermore, the Bz-MAb recognized Bz groups on the 
RNA standard, but not on the respective negative con- 
trol RNA oligomer (Fig. 2E). Thus, antibody specificity 
for the Bz group was not affected by the nature of the 
nucleic acid backbone. 



The specificities of the Ipr-Pac-MAb and Ibu-MAb 
were characterized similarly with the dot blot assays 
(Table 1) and ELISAs (not shown). However, the Ipr- 
Pac-MAb demonstrated a dual specificity for both Ipr- 
Pac and Ibu groups (Table 1). We postulate that the 
Ipr-Pac-MAb epitope is the isopropyl moiety present in 
both protecting groups (Fig. 1). Specificity of the DMT- 
MAb for the 5 '-terminal DMT group and its triple 
derivative, Trebler, was similarly assessed (Table 1). 
The nature of the nucleobase of the deoxyribose to 
which DMT was coupled was immaterial to the recog- 
nition. Because the DMT-group linkage to the 5' -OH of 
the nucleic acid is labile, its presence during the dot- 
blot assay was monitored. Presence of the DMT moiety 
on the nitrocellulose membrane was confirmed after 
the membrane had been incubated with enzyme-con- 
jugated secondary antibody, but before the enzyme- 
substrate reaction. Treatment of the nitrocellulose 
membrane dots with TCA produced the characteristic 
yellow-orange color for DMT. Moreover, material 
eluted from the TCA-treated dots with 50% acetonitrile 
exhibited the 495-nm absorbance peak characteristic of 
DMT (data not shown). TCA removal of DMT from the 
standard oligomers, before cross-linking of the oli- 
gomers to the membrane, resulted in negative dot-blot 
assays (data not shown). To further assess the speci- 
ficity of the DMT MAb, the polysaccharide cyclodextrin 



TABLE 1 

Specificity of Monoclonal Antibody Recognition of Protect- 
ing Groups in Standard and Negative Control Oligonucleo- 
tides Determined by Dot Blot Assay 



Dot density (INT mm 2 ) 



Oligomer 3 


Bz-MAb 


Ibu-MAb 


Ipr-Pac-MAb 


DMT-MAb 


Oligo Bz-dC 


0.63 


0.06 


0.03 


0.03 


Oligo Bz-dA 


0.54 


0.05 


0.04 


0.04 


Oligo dC Bz 


0.05 


0.05 




0.02 


Oligo dA B * 


0.03 


* 


* 


0.03 


Oligo Ibu-dG 


0.05 


0.53 


0.57 


0.04 


Oligo Ibu-dA 


0.05 


0.49 


0.58 


0.03 


Oligo Ibu-dC 


0.04 


0.45 


0.57 


0.02 


Oligo dG Ibu 


0.03 


0.05 


0.05 


0.02 


Oligo dA Ibu 


* 


0.05 


0.04 


* 


Oligo dC Ibu 


* 


0.04 


0.03 




Oligo Ipr-Pac-dG' 


0.02 


0.04 


0.61 


0.02 


Oligo dC ,prPac 


0.04 


0.03 


0.04 


0.03 


Oligo DMT-dT 


0.05 


0.06 


0.04 


0.68 


Oligo Trebler-dT 


0.04 


0.04 


0.04 


0.83 


Oligo dT 


0.02 


0.03 


0.03 


0.03 


DMT-chloride' 


* 


* 


* 


0.70 



* Oligomers were cross-linked to the nitrocellulose membrane in 
equal amounts (32 pmol/dot). The amount of Ipr-Pac was estimated 
from protected nucleoside s extinction coefficient. 

b Not determined. 

c A solution of DMT-chloride was spotted to nitrocellulose at 0.25 
4 495 /dot, 32 pmol. 
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TABLE 2 

Comparison of Oligonucleotide Protecting Group Detection by the MAb-Based Dot-Blot Assay, 
HPLC Nucleoside Composition, and UV/Visual Spectroscopy 







n r Lwspeciroscopy 




MAh Hnt hint 

lvlrtU UUL U1UL 


Reference 


Protected 


Protecting group/ 


Lowest detection limit 


Lowest detection limit 


oligomer 


nucleotide (%) 


A 260 of polymer (nmol) 


of protecting group (nmol) 


of protecting group (pmol) 


Oligo Bz-dC 


97.0 


58.3 


2-5 


16-32 


Oligo Bz-dA 


88.0 


76.8 


2-5 


16-32 


Oligo Ibu-dG 


92.0 


21.1 


2-5 


8-16 


Oligo Ipr-PaodC 


ND* 


ND 


2-5 


32" 


DMT-dT 




11.3 


0.9 


11 


Trebler-dT r 




22.8 


2.3 


28 



" Amounts of Bz, Ibu, and Ipr-Pac were determined with HPLC nucleoside composition and UV analysis of enzyme-hydrolyzed DNA 
(0.5-1.5 nmol); amounts of DMT and Trebler were determined by visible spectroscopy (498 nm) with a DMT-chloride standard and confirmed 
by MALDI-MS. 

* ND. not determined due to lability of Ipr-Pac under conditions of the HPLC nucleoside composition analysis. 
c Estimated amount of Ipr-Pac assuming 1 A 2G0 = 25 /ig of polymer and the sample is 100% protected. 
d Not determined. 

'Trebler is the designation for a 5'-protection agent with three DMT moieties. 



(Sigma Chemical Co.) was prepared in our laboratory 
to have multiple DMT groups and then bound to nitro- 
cellulose membranes for a dot-blot assay. The DMT 
MAb recognized the DMT-derivatized cyclodextrin, 
whereas cyclodextrin itself gave rise to negative re- 
sponses (data not shown). 

Sensitivity and Quantification of the MAb Dot Blot 
of Protecting Groups 

The MAb dot-blot assay provided a highly sensitive 
assessment of the amount of each protecting group 
(Fig. 2 and Table 2). However, commercial oligonucle- 
otide products may contain trace amounts of protected 
nucleosides due to an incomplete deprotection after 
oligomer synthesis. Using the MAb dot-blot assay, de- 
tection of trace amounts of the Bz, Ibu, and Ipr-Pac 
protecting groups in DNA samples was compared to 
and validated by the UV-monitored, HPLC nucleoside 
composition analysis. In addition, the MAb dot-blot 
assay detection of the 5 ; -terminal DMT moiety was 
compared to and validated by visual spectroscopy. 
Standard curves of DMT versus absorbance were gen- 
erated from visual spectroscopy of DMT-chloride. The 
lower limit of HPLC detection was 2-5 nmol of Bz-, 
Ibu-, or Ipr-Pac-protected nucleoside and 1-2 nmol of 
DMT or Trebler (Table 2). In these experiments, pro- 
tected nucleosides were detected in the presence of 10 
times as many deprotected nucleosides (Table 2). If the 
protected nucleoside in the hydrolyzed sample was be- 
low the 2-5 nmol detection limit of the HPLC nucleo- 
side composition analysis, as much as 10 times the 
amount of hydrolyzed DNA could be applied to the 
column. However, the lower limit of detection would 
still be 2-5 nmol and more importantly, the HPLC 



column would have to retain the capacity and resolu- 
tion required for the analytical separation of increasing 
amounts of dA, dC, and dG from their protected coun- 
terparts. In contrast, the lower limit of MAb detection 
using the same DNA samples was 8-32 pmol of pro- 
tected nucleoside in the presence of 10,000- fold excess 
of deprotected nucleoside (Table 2). Thus, the MAb dot 
blot assay was able to detect protecting groups at the 
lower limit of 0.01% for these particular samples. 

To further evaluate the ability of the MAb to detect 
trace amounts of protected nucleoside within vast 
amounts of deprotected nucleosides, samples of oligo 
Bz-dC were extensively diluted with the negative con- 
trol oligo dC Bz . Then, the samples were analyzed for the 
protected nucleoside using the dot-blot assay. The Bz- 
MAb was able to direct 8-16 pmol of Bz-protected 
nucleoside in the presence of 320 nmol of deprotected 
nucleoside (16 nmol of the 20-mer dC Bz ; Fig. 3). Fur- 
thermore, when Bz-dC oligomers containing 16, 32, 
and 64 pmol of the Bz-protected nucleoside were di- 
luted with oligo dC Bz containing 320, 640, and 1280 
nmol of the deprotected nucleoside, respectively, the 
Bz-MAb was capable of detecting the Bz groups in each 
of the samples (data not shown). Assessments of Ipr- 
Pac-MAb, Ibu-MAb, and DMT-MAb demonstrated 
comparable sensitivities in detection of their respective 
protecting groups (data not shown). Thus, the MAb 
assay is able to detect picomole quantities of the indi- 
vidual protecting groups on nucleic acid samples even 
in presence of 20,000 times as many deprotected 
nucleosides. 

Identification and quantification of the protecting 
groups by the MAb dot-blot assay was validated by 
HPLC nucleoside composition analysis. The oligos 
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FIG. 3. Relationship between amount of protecting group and dot 
density of the MAb dot-blot assay. Oligo Bz-dC was applied to the 
nitrocellulose membrane according to the amount of Bz groups 
present, 8-124 pmol Bz per dot, as determined by the HPLC nucle- 
oside composition analysis. The squares indicate the densities 
achieved with the Bz-MAb recognition of these samples. The dia- 
monds indicate the densities achieved with the same samples but 
each diluted with a fixed amount {16 nmol DN A/dot) of negative 
control oligo dC B \ 



tively recognized with the Bz-MAb and, thus, identified 
as having been incompletely deprotected (Fig. 4). Ac- 
cording to a comparison with the oligo Bz-dC and 
Bz-dA standards, one product contained 264 pmol of Bz 
group per v4 26 o unit or about 5.2% contamination, and 
the other contained 54 pmol per i4 26 o unit or about 1 .0% 
contamination. After alkali treatment of the two sam- 
ples, the dot-blot analysis was negative (data not 
shown). Oligomer products with the same sequence 
purchased from the same two companies at a later date 
yielded similarly positive results (data not shown). An 
oligo dA-dC sample from a third company exhibited a 
weak positive response with the Bz-MAb (Fig. 4). Nei- 
ther the Ipr-Pac-MAb nor the Ibu-MAb reacted with 
the oligo dA-dC samples (Fig. 4). Two samples with 10 
repeats of the dG-dT sequence were recognized by the 
Ipr-Pac-MAb and, thus, deemed incompletely depro- 
tected of either Ipr-Pac or Ibu (Fig. 5). Because the 
Ibu-MAb did not recognize any of the dG-dT samples 
(Fig. 5), the Ipr-MAb must have reacted with incom- 
pletely deprotected Ipr-Pac groups. The Bz-MAb did 
not recognize the dG-dT samples (Fig. 5). 



Bz-dC and Bz-dA with 5 nmol of Bz group each, as 
determined by HPLC composition analysis, were 
mixed with the control oligo dC Bz and oligo dA Bz , re- 
spectively, to produce samples containing 5% protected 
oligomers. The samples were serially diluted and the 
amount of protection was determined by the nitrocel- 
lulose membrane dot-blot assay and by HPLC nucleo- 
side composition analysis. After incubation with the 
Bz-MAb, dot-blot intensities were determined and the 
Bz-group amount was calculated by comparison with 
the corresponding oligo Bz-dC and oligo Bz-dA relative 
to corresponding negative oligomers. The detected 
amounts of Bz groups by the MAb dot-blot assay were 
5.98 ± 0.36 and 5.11 ± 0.25 nmol, respectively. In 
comparison, the HPLC nucleoside composition analy- 
sis performed on the same samples detected 4.21 ± 
0.01 and 10.92 ± 0.37 nmol of Bz groups. Thus, the 
MAb quantification of nanomole amounts of remaining 
protecting groups was within a factor of 2 of that de- 
termined by HPLC. 

Identification and Quantification of Protecting Groups 
Remaining in Commercial Oiigonucleotide Products 

Two oligonucleotide products, deprotected and de- 
salted, were purchased from each of eight different 
nucleic acid synthesis companies. To test whether 
these products contained protected nucleosides, equal 
amounts (absorbance at 260 nm) of the samples were 
UV cross-linked to nitrocellulose membranes and the 
membranes were incubated with the Bz-MAb, Ipr- 
MAb, and Ibu-MAb. Among the 16 20-mer samples, 2 
with 10 repeated oligo dA-dC sequences were posi- 



DISCUSSION 

Monoclonal antibody identification and quantifica- 
tion of the protecting groups remaining on synthesized 
oligomers has several demonstrated advantages over 
conventional detection methods. The MAb dot-blot as- 
say and ELISA were able to identify specific protecting 
groups remaining on oligonucleotides. Each MAb iden- 
tified a specific protecting group remaining on the in- 
tact oligonucleotide independent of the base or sugar. 
Though CE and MS analyses of chemically synthesized 
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FIG. 4. Detection of protecting groups remaining in eight commer- 
cial samples of oligo dA-dC. A dot-blot assay was used to detect 
incompletely deprotected oligonucleosides obtained from eight differ- 
ent commercial sources (numbered 1-8). The oligonucleosides were 
composed of 10 repeats of dA-dC. The inset in the upper right corner 
presents the dot-blot results. In the bar graph, dot densities are 
shown for each sample in three different amounts (1, 2, or 4 nmol 
DNA per dot) probed with each of three antibodies, Bz-MAb, Ipr-Pac- 
MAb, and Ibu-MAb. 
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FIG. 5. Detection of protecting groups remaining in eight commer- 
cial samples of oligo dG-dT. A dot-blot assay was used to detect 
incompletely deprotected oligonucleosides obtained from eight differ- 
ent commercial sources (numbered 1-8). The oligonucleosides were 
composed of 10 repeats of dG-dT. The inset in the upper right corner 
presents the dot-blot results. In the bar graph, dot densities are 
shown for each sample in three different amounts (1, 2, or 4 nmol 
DNA per dot) probed with each of three antibodies, Bz-MAb, Ipr-Pac- 
MAb, and Ibu-MAb. 



oligonucleotides distinguish full-length from aborted 
sequences (14-16), present methods do not detect and 
identify remaining protecting groups. In contrast, 
HPLC nucleoside composition analysis (13) is capable 
of identifying protected nucleosides in DNA or RNA 
samples. The HPLC analysis distinguishes specifically 
protected nucleosides by retention time and UV spec- 
trum and, thus, requires enzyme hydrolysis of a por- 
tion of the sample to the constituent mononucleosides 
(13). However, some protecting groups will inhibit the 
enzymatic digestion, particularly the 2'-OH protection 
in RNAs, resulting in dinucleoside monophosphates 
that are difficult to identify. Whereas the MAb dot-blot 
assay and ELISA analyze 96 samples per membrane or 
microplate, the HPLC sample injection though auto- 
mated requires approximately an hour per sample. 
Thus, MAbs are capable of identifying protecting 
groups remaining on multiple DNA and RNA oligonu- 
cleotide samples using standard immunological as- 
says. 

The MAb dot-blot assay and ELISA were able to 
detect a single protected nucleoside in DNA and RNA 
samples containing 20,000-fold deprotected nucleo- 
sides. Crowding either by adjacent protecting groups or 
by the binding of one MAb molecule interfering with 
the binding of an adjacent, second antibody could affect 
quantification. However, protecting-group detection 
and quantification on the homopolymer DNA stan- 
dards were verified by HPLC, indicating little to no 
steric hindrance. Possible negative cooperativity in 
binding due to adjacent protecting groups in hetero- 
polymeric oligomers or by already present MAb needs 
to be determined. Position of protecting groups either 
at the middle or at the termini of the oligonucleotide 



and sequence context also may affect the quantifica- 
tion. 

The MAb assessment of protecting groups detected 
and quantified 8-32 pmol of protected nucleoside in 
the presence of thousands of nanomoles of deprotected 
nucleosides without hydrolysis or other treatment of 
the sample. With the use of purified, fluorescein-con- 
jugated antibody preparations and highly optimized 
experimental conditions, the dot-blot assay should be- 
come even more sensitive. In comparison, UV-moni- 
tored HPLC assessment of DNA hydrolysates was lim- 
ited to the identification and quantification of 
nanomole quantities of protected nucleoside within 
sample sizes that would not affect column resolution 
and peak shape, approximately 100-200 nmol of DNA 
or RNA mononucleosides. 

Additional advantages to a MAb detection method 
include reduced instrument and labor costs and the 
ability to adapt the assays (dot blot or ELISA) to ro- 
botics capable of processing hundreds to thousands of 
samples in several hours. If protecting groups are de- 
tected in a nucleic acid sample, the sample can be 
re-treated for deprotection and retested for remaining 
protecting groups, as we have demonstrated. This pre- 
cludes the need to dispose of expensive samples. Pre- 
sumably, the MAb reagents provide the advantage that 
nucleic acids synthesized on, or attached to, solid sup- 
ports such as DNA arrays on chips could be tested for 
remaining protecting groups while on the solid sup- 
port. An expensive array with remaining protecting 
groups need not be discarded; one needs only to be 
cognizant of the sequences that retain protecting 
groups. 

Although not demonstrated here, another advantage 
of the MAbs is their potential use in purifying oligonu- 
cleotides. By employing antibody-affinity chromatogra- 
phy methods and MAbs against the base- and 2'-OH- 
protecting groups, affinity chromatography could be 
used to separate incompletely deprotected nucleic acids 
from completely deprotected molecules and full-length 
product from aborted sequences. 

Another advantage to the use of MAb reagents in the 
identification and quantification of remaining protect- 
ing groups, and to their use for purification of oli- 
gomers, is their group specificity. Because the MAb 
reagents are group specific and not influenced by the 
polymer support as demonstrated for the identification 
of DMT groups on cyclodextrin, the technology is ap- 
plicable to protecting groups used in the synthesis of 
other polymers. The chemical synthesis could be se- 
quential, such as the synthesis of nucleic acids and 
peptides, or nonsequential, including that of dentrim- 
ers. As long as protecting groups are used in the poly- 
mer synthesis to influence the direction of the coupling 
and/or to inhibit reactivity of particular functional 
groups, the MAbs could be used for detection of pro- 
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tecting groups in the product and in purification of the 
polymer. 

Chemically synthesized oligonucleotides have been 
used extensively in molecular biology research and 
drug discovery. With chemically synthesized DNA or 
RNA oligomers in 10-fold excess, any incompletely 
deprotected nucleic acid that constitutes 10% or less is 
of little concern for assays in vitro. However, notable 
exceptions perhaps are the X-ray crystallography and 
NMR determinations of structure and structural inter- 
actions. Only recently, oligonucleotides have been syn- 
thesized and tested as therapeutics through their abil- 
ities to control specific gene expression as antisense 
molecules and as diagnostics through their ability to 
identify the presence and expression of specific genes, 
via DNA array technologies. In contrast to their use in 
molecular biology, quality control of oligonucleotide 
therapeutics and diagnostics is critical to their use as 
antisense drugs and as tools in the array analysis of 
gene expression. MAb detection, identification, and 
quantification of oligonucleotide-protecting groups 
could provide the specificity and sensitivity and appli- 
cation to hundreds of individual samples required of 
antisense therapeutics and array technology diagnos- 
tics. The MAb dot-blot assay and ELISA are suitable 
for university and company oligonucleotide synthesis 
facilities, as well as the pharmaceutical industry's 
quality control of nucleic acid therapeutics and diag- 
nostics. 
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To the editor: 



Interest in oligonucleotide antisense therapeutics has regained 
momentum! 2. One antisense therapeutic, Vitravene, has been 
approved, 12 are in clinical trials! and others are in various planning 
stages^. High-quality chemical synthesis of antisense oligonucleotides 
via nucleobase and sugar-protected phosphoramidites is crucial to the 
expectations of low toxicity, reduced side effects, and low costs 2 -. 
However, neither the coupling reaction producing the growing polymer 
chain nor the subsequent deprotection of the full-length 
oligonucleotide occurs with 100% efficiency! Thus, quality and 
regulatory concerns about antisense therapeutics have been 
expressed by scientists at the Food and Drug Administration (FDA; 
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Rockville, MD)! 



Incomplete deprotection of nucleoside-reactive groups could be 
responsible for the unexplained results observed In the early in vitro 
and cellular stages of drug discovery^, it could also be responsible for 
immunological responses seen at high doses in animal models and 
clinical trials^ and thus contribute to erroneous conclusions about drug 
efficacy. The protecting groups; and not the nucleic acid itself, can 
elicit an antibody response! 

Unfortunately, no simple, reproducible, sensitive, and inexpensive 
analytical method exists to identify and quantify every protecting group 
that may remain in an antisense sample. High-performance liquid 
chromatography (HPLC) nucleoside composition analysis identifies 
and quantifies protecting groups remaining on oligonucleotides. 
However, the analysis is insensitive because it depends on enzymatic 
cleavage of the oligonucleotide and on UV diode-array detection for 
identification and quantification. Capillary electrophoresis and mass 
spectrometry detect the aborted sequences, but are not easily 
adapted to identifying and quantifying the protecting groups that 
remain on the oligonucleotide! 

To address this problem, we previously developed monoclonal 
antibodies (mAbs) for the specific identification and quantification of 
the nucleobase and sugar protecting groups commonly used in DNA 
and RNA chemical syntheses! Using these mAbs, we now present a 
dot-blot assay and a microplate enzyme-linked immunosorbent assay 
(ELISA) for identification and quantification of protecting groups that 
remain in standard, intact DNA and RNA oligonucleotide samples ( Fig. 

1). 

The mAbs detect as little as 8 pmol of the specifically protected 
Tiucleoside in iritacf DNA~qFRNA compo^e7J15f T60 hTnol onhe" ~ 
deprotected nucleoside. Thus, the mAb analysis is able to detect a 
single protected nucleoside in oligonucleotide samples containing 2 X 
10 4 deprotected nucleosides. In contrast, HPLC nucleoside- 
composition analysis of enzyme-hydrolyzed DNA is limited to the 
detection of 2-5 nmol of protected nucleoside! Using our present 
mAb dot-blot assay, 5 of 16 commercial DNA products obtained from 
eight different companies are found to have 1 .0-5.2% contamination 
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from benzoyl- and isoDroDVlDhenoxvacetvl-protectinq groups (Fig. 2A). 




Monoclonal antibodies have the advantage of identifying specific 
protecting groups that remain on intact oligonucleotides independent 
of the base or sugar. The assays are amenable to robotic analysis of 
hundreds of samples and should be applicable to oligonucleotides on 
solid supports. The antibodies could be used for the synthesis of 
affinity columns to separate incompletely deprotected nucleic acid 
from completely deprotected molecules. 


^ ' '-\ •" ■ * . 

• ' - :\; - 

^ S \;\^ 


Because the mAb reagents are group specific and not influenced by 
the polymer support, as demonstrated by the identification of 4,4- 
dimethoxvtritvl groups on cvclodextrin (Fig. 2B), the technology can be 
applied to the detection of protecting groups remaining from the 
synthesis of other biopolymers, dendrimers, and biopolymers on solid 
supports, such as oligonucleotide and peptide arrays. 
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